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Abstract —This paper considers a class of uncertain linear 
quantum systems subject to uncertain perturbations in the 
system Hamiltonian. We present a method to design a coherent 
robust H°° controller so that the closed loop system is robnstly 
stable and achieves a prescribed level of disturbance attenuation 
with all the admissible uncertainties. An Ulnstratlve example 
shows that for the given system, the method presented in this 
paper has improved performance over the existing quantnm 
H°° control results without considering nncertalnty. 

I. Introduction 

Quantum control has been an active research area with 
wide applications in quantum optics, quantum communica¬ 
tion, quantum computation and other quantum technologies 
[1], [2], [3]. In this area, robustness is counted as one 
of the most important issues in quantum control systems 
because quantum systems are unavoidably subject to all 
kinds of disturbances and uncertainties [4], [5], [6]. Feedback 
control has been recognized as the most effective method to 
enhance robustness in classical control systems and quantum 
feedback control theory has also been developed for dealing 
with disturbances and uncertainties in quantum systems [7]- 
[21]. For example, to attenuate the influence of disturbance 
signals, references [4] and [9] focused on finding a controller 
to bound the influence of the disturbance input signal on the 
performance output signal using synthesis. Reference 
[4] considered the quadrature form of the quantum system 
variables and presented a systematic method to design quan¬ 
tum controllers for a class of linear stochastic quantum 
systems. In order to simplify the work of [4], paper [9] 
considered a coherent H°° control problem for a class of 
quantum system called ‘passive’ systems defined in terms 
of annihilation operators only. To deal with the issue of 
uncertainty in quantum system models, papers [17] and [18] 
designed a Hamiltonian controller to allow for norm bounded 
uncertainty in the nominal system, to make the closed system 
robustly stable and achieve a better performance than the 
system without a controller. Reference [21] also presented a 
method to synthesize classical guaranteed cost controllers 
for uncertain quantum systems. Reference [21] addressed 
not only the issue of robustness but also the issue of LQG 
performance. 

However, little attention in quantum feedback control has 
been paid to the H°° problem with parameter uncertainties 
in the quantum system model. Hence, in this paper, we 


consider a class of linear quantum systems subject to both 
perturbation uncertainty and input disturbances. The paper 
aims to design a quantum controller to robustly stabilize 
the uncertain quantum system as well as to guarantee a 
prescribed level of disturbance attenuation in the H°° sense 
for the closed loop system with all admissible uncertainties. 

In the classical (non-quantum) case, robust H°° control 
for uncertain linear systems has been addressed widely, e.g., 
[23], [24] and the relationship between H°° optimization and 
the robust stabilization of uncertain linear systems has been 
established [24]. Hence, in this paper, we adopt some results 
[23] on classical control systems to build a relationship 
between a coherent robust control problem and a scaled 
control for a system without parameter uncertainty. 

In this paper, we aim to design a coherent dynamic output 
feedback controller. Here coherent refers to the fact that the 
controller itself is a quantum system. In this way, a physical 
realizability condition needs to be considered. The objective 
of the controller is to reduce the effect of the disturbance 
input on the controlled output, uniformly in an H°° sense. 

We begin in Section |I^ by introducing a general class 
of linear quantum stochastic systems and presenting the 
physical realizability condition for a given quantum system. 
In Section we introduce unknown perturbations in the 
system Hamiltonian and parameterize the perturbation in 
terms of norm bounded uncertainty in the state matrix. In 
Section IV we introduce some theory to establish relation 
between a robustly strict bounded real lemma of the uncertain 
quantum system and a strict bounded real lemma of the 
scaled H°° system. In Section we provide a systematic 
method to design an output feedback quantum controller that 
satisfies the specified requirement. In Section VI we 


provide an example to demonstrate the theory that has been 
developed in this paper and compare the H°° performance 
using the method in this paper with the results in [4]. 


Conclusions are presented in Section VII 


II. Linear Quantum Stochastic Systems 
We consider a class of linear quantum system described 
by the following non-commutative stochastic differential 
equations [4]: 

dx[t) =Ax{t)dt + Bdw{t)\ t(0) = Tq 

dy{t) =Cx{t)dt + Ddw{t), ^ ^ 
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where A G B G C G and D G 

Also, n, riyj, Uy are positive integers and x{t) = 
... is a vector of self-adjoint possible non- 

commutative system variables. 





The initial system variables x(0) = Xq satisfy the com¬ 
mutation relations 


[xj(0),Xk(0)] = 2iejk, j,k = l,...,n, (2) 


where 0 is a real antisymmetric matrix and Ojk is the 
corresponding element of 0. Also, the vector x(t) is required 
to satisfy the canonical commutation relations 

[x(t),x{t)'^] = x{t)x(t)^ — {x(t)x{t)'^)'^ = 2i0„ (3) 

where 0„ = diagn(J) = diag (J, J..., J) for an even 

^ '-V--^ 

2 

number n and i = \/—l. Here, J denotes the real skew- 
symmetric 2x2 matrix 


J = 


0 1 

-1 0 


(4) 


The vector quantity w denotes the input signals and is 
assumed to satisfy the decomposition 


dw{t) = I3uj{t)dt + dw{t) (5) 

where is a self-adjoint adapted process and w{t) is the 

noise part of w{t) (see [22]). The process Pwit) represents 
variables of other systems which may be passed to the system 
Q via an interaction. The noise w{t) is a vector of quantum 
Weiner processes with Ito table [22] 

dw(t)dw"^ (t) = F^dt (6) 


III. Uncertain Linear Quantum System 


In this paper, we consider a class of linear stochastic 
quantum systems subject to unknown perturbations in the 
system Hamiltonian. 

In order to proceed, we introduce some notation. 
The symbol Pm describes a 2m x 2m permutation 
matrix. An 2m x 2m permutation matrix is a full-rank 
real matrix whose columns consist of standard basis 
vectors for such that [ oi 02 ... a 2 m ] — 

[ tti Gm+l 02 am +2 a 2 m ]^- AlsO, We 

have Niij = (n„/2) and Ny = {nyj2). 



1 i 
1 —i 


( 10 ) 


and r = P^v^diag^^ (M). 

Now we need to introduce an {S, L, H) framework to 
define a quantum system [12]. The Hamiltonian operator H 
represents self-energy of the system and is in the form of 


H = 



( 11 ) 


where P is a real symmetric Hamiltonian matrix with di¬ 
mension n X n. The coupling operator L is of the form 


L = Ax (12) 

where A is a complex-valued coupling matrix with dimension 

X n. 

In this case, the matrices A, B, C, D are given by [4] 


where — diag-*™ (/ + iJ) is a non-negative definite 
Hermitian Ito matrix. Hence, the commutation relations for 
the noise components are shown in the following 

[dw{t),dw"’"{t)] = dw{t)dw^ {t) — {dw{t)dw^ (t))^ 

= 2r*df 

where we define = 1/2(P^ -f Pj), T^j = l/2(Pi5 - 
Pj) so that F^ = Sw + Tw- The noise processes can be 
represented as operators on an appropriate Fock space. 

Since /3u,(f) represents an adapted process, we require 
/3w{0) is an operator on a Hilbert space distinct from that of 
xo and the noise processes. We assume that /3u,(f) commutes 
with x{t) for all f > 0. Also, we denote /3u,(f) commutes 
with dw{t) for all f > 0. Moreover, a property of the Ito 
increments is that dw{t) commutes with x{t). 

The system Q represents the dynamics of a meaningful 
physical system if and only if (see [4]): 

A0„ + 0„ + P0„„ = 0 (8) 


A=20(P-f SrjAlA)) 

B =2i0[-Al A'^jr 


— [ 


^Ny ^NyXNy, 

^NyXNy, ^Ny 

^Ny ^NyXNyj 

^NyXNy, ^Ny 

Xriy ^nyX(nyj—ny) 


A + A* 
—iA + lA* 

PNyy 


(13) 


where = [ iNyXNy 0NyX{Ny,-Ny) 

Since the nominal quantum system is subject to uncer¬ 
tain perturbations in the system Hamiltonian, the quadratic 
perturbation Hamiltonian is assumed in the following form 

.^^perturbation = “XpAPx, (14) 


where A S uncertain norm bounded real matrix 

satisfying = A and A^ < /, and E e 

The uncertain linear quantum system under consideration 
is described as follows 


BD^ = 0„C^0„„ (9) 

where equation ([^ preserves the commutation relation; i.e., 
for [xi(0),Xj(0)] = 2iQij, we always have [xi{t),Xj{t)] = 
2iQij for all t > 0. 


dx{t) ={A + 2QE^ AE)x{t)dt + Bdw(t) 
dy{t) =Cx{t)dt + Ddw{t). ^ 

We will present the H°° analysis and synthesis results in 
the following sections. 











IV. Robust H°° Analysis 

To proceed the robust H°° analysis, we first recall the 
strict bounded real lemma for a general quantum system. 
Let us consider the following quantum system of the form 

Q: 

dx(t) =Ax(t)dt + [B G] 

X [dw{t)'^ dv{t)^]^; (16) 

dz{t) =Cx{t)dt + Ddv(t). 

From Corrollary 4.5 in [4], we know that this quantum 
stochastic system ([T^ is strictly bounded real with distur¬ 
bance attenuation g > 0 if and only if there exists a positive 
definite symmetric matrix X > 0 such that 


A'^X + XA + C'^C + g-'^XBB^X <0. (17) 


When there is uncertainty A in the state matrix of ([T^, 
the system is of the form 

dx{t) ={A + 2QE"’- XE)x{t)dt + [B G] 

X [dw{t)'^ dv{t)'^]'^; (18) 

dz{t) =Gx{t)dt + Ddv{t). 

In order to guarantee an 77°° performance of (18i for all 
admissible parameter uncertainties, we incorporate A in ( [T7| . 

Definition 1: The quantum stochastic system 0 is ro¬ 
bustly strict bounded real with disturbance attenuation g > Q 
if there exists a positive definite symmetric matrix X > 0 
such that 

{A E 2QE^AEfX + X{A + 2QE^AE) + C'^G 

+ g-^XBB^X < 0 

for all the admissible A. 

We are now in the position to introduce a scaled system 
for establishing a connection between the coherent robust 
H°° control problem and a scaled H°° control problem. 
The scaled system without parameter uncertainty has the 
following form; 

dx{t) =Ax{t)dt + [[2^/eQE'^ g~^B] G] 

X [dw{t)'^ 

dz{t) =[^E^ C'^]'^x{t)dt + [0 D^]^dv{t), 


(19) 


( 20 ) 


where e > 0 is a scaling parameter. 

Then we show the connection between the robust strictly 
bounded realness of the system ( [T8] l and the strictly bounded 
realness of the system ( |20l l in the following lemma. 

Lemma 1: (see Lemma 3.1 of [23]) Let the constant g > Q 
be given. Then there exists a matrix X > 0 such that 

[A + 2QE^AEfX + X(A + 2eE^AE) + C'^G 

(21) 

-h g-^XBB^X < 0 

for all A satisfying A = A^ and A^ < J if there exists a 
constant e > 0 such that 

A^X -h XA -h g-'^XBB'^X + ieXOE^Ee^X 

1 ^ ^ ( 22 ) 
+ -E^E + G^G < 0. 
e 


According to Definition 1, Lemma 1 and (17i, we have 
the following corollary. 

Corollary 1: The system (18 i is robustly strict bounded 
real with disturbance attenuation g > 0 if there exists a 
scaling parameter e > 0 such that the system ( [20) i is strictly 
bounded real with unitary disturbance attenuation. 


V. Robust H °° Controller Synthesis 

In this section, we present a procedure to design a coher¬ 
ent robust H°° controller for an uncertain linear quantum 
system. 


A. The Closed-Loop System 

We consider a plant described by noncommutative stochas¬ 
tic models in the following form 

dx{t) =(A 2 QE'^AE)x{t)dt + [B^ B^ B^] 

X [dv{t)^ dw{t)'^ duifif'Y^]x{ 0 ) = xq 

dz{t) =Cix{t)dt Di2du{t) (23) 

dy{t) =C2x{t)dt -I- [£>20 -D 21 0] 

X [dv{t)'^ dw{t)'^ du{t)'^]'^. 

Here, w{t) represents a disturbance signal and v{t) represents 
any additional quantum noise. The signal u{t) is a control 
input of the form du{t) = fiu{t)dt-\-du{t) where u(t) is the 
noise part of u{t) and /3„(f) is an adapted process. 

The corresponding scaled H°° control system is of the 
form 

dx{t) =Ax{t)dt -I- [Bq [ 2 ^/eQE^ g~^Bi] B2] 

X [dv{t)'^ dw{t)'^ du{t)'^]'^;x{0) = Xq 

dz{t) =[-^E'^ Gi]^x{t)dt [0 0^2]^du{t) (24) 

ye 

dy{t) =G2x{t)dt[D20 [0 g~^D2i] 0 ] 

X [dv{t)'^ dw{t)'^ du^ty]^. 

Controllers are assumed to be noncommutative stochastic 
systems of the form 

dyt) =AKi{t)dt [Bki Bk] 

x[dvK{ty rf2/(f)^]'^;?(0) = Co 

du{t) =GKyt)dt -I- [Bko 0] 

X [dvK{ty dy{tyy 

where C(f) = [Ci(^) ^ vector of self- 

adjoint controller variables. 

Theorem 1: Let g > 0 be a prescribed level of disturbance 
attenuation and a given linear dynamic controller is described 
in ( [25] l. Then the system ( p^ is robustly strict bounded real 
with disturbance attenuation g > 0 via the output feedback 
controller ( |25] l if there exists a constant e > 0 such that the 
closed loop system corresponding to ( |24) i and ( |25] l is strictly 
bounded real with unitary disturbance attenuation. 

Proof: By interconnecting ( |2^ and ( [25] l, and making the 
identification = Ck^I), the closed loop system is of 





the form 

dr]{t) = 


A + 2eE^AE B 2 CK 
BkC2 Ak 

Bq B 2 BXO 
BkD20 Bki 
B i 


T]{t)dt 

dv{t) 

dvK{t) 


dz{t) = 


BkD 21 
Cl D 12 CK 


dw{t) 


(26) 


f}{t)dt 

+ [ 0 D 12 BK 0 ] 


dv{t) 

dvK{t) 


should also notice that if the closed-loop system (26 1 is 
robustly strict bounded real with disturbance attenuation g, 
it then satisfies the control synthesis objective 

C. Necessary and Sufficient Conditions 

In this subsection, we aim to design a coherent controller 
for the scaled system ( |24) i to satisfy H°° performance for 
unitary attenuation. Hence, based on Theorem 1, the desired 
coherent controller can also guarantee the uncertain quantum 
system (23 1 achieve objective for a given disturbance 


where p(t) = [ 

We can also write it as 


drjif) ={A + 2QE^ AE)'q{t)dt + Bdw{t) + Gd({t) 


(27) 


at) = 
0 = 
B = 


dz{t) =Crj(f)dt + E[dC(t) 
where 

v{t) 

VK{t) 

0 0 
0 0 

Bi 

BkD21 

C = \ Cl D12CK ] ; 

Also, the closed loop system of (j2^ with controller (25 1 is 
of the form 

dr]{t) =Ar](t)dt + [ 2y/eQE"’" g~^B ] dw{t) + Gd((t) 



A 

B 2 CK 

2) g-^D2iD^i 

= £’2 > 0. 


; A = 

BkC2 

Ak 


A — iwl 

B 2 ' 

; E=[ 

E 0] 


3) The matrix 

, all w >0. 

L Cl 

- 1 

(M 


attenuation g. The necessary and sufficient conditions for the 
existence of a specific type of controller are given. Moreover, 
the explicit formulas for Ak, Bk and Ck are also presented. 

Now we present our controller design method. Firstly, 
the scaled system ( |24] l is required to satisfy the following 
assumptions. 

Assumption 1: 

1) D^2Bi2 = El > 0. 


is full column rank for 


G = 


Bq B 2 BKO 
BkD2o Bki 
H = \ 0 D 12 BKQ 


A — iwl 
C 2 

row rank for all ui > 0. 


4)The matrix 


2y/e9E^ 

0 


g-^Bi 


9 


21 


full 


The solution to the H°° control problem for the scaled 
system is given in terms of the following pair of 
algebraic Riccati equations; 


dz(t) = 


-^E 

vl 

c 


ri{t)dt 


0 

H 


dC{t) 


(28) 


where A, B,Q, E,C,G, H are the same as in (^ 1 . There¬ 
fore, the desired result follows immediately from Corollary 
1 . □ 
Remark 1: Essentially, in order to solve the con¬ 
troller synthesis problem for the uncertain quantum system 
(j2^, we need to solve the scaled problem (24i via an 
existing control technique. 

B. Control Objective 

For a given disturbance attenuation parameter p > 0, the 
control objective is to find a quantum controller of the 
form ( p5] l for the uncertain quantum system ( |2^ such that 
the closed-loop system satisfies 

f {I 3 zis)'^l 3 zis) + ef]{s)'^f]{s))ds 

JO 

< ( 5 ^ - e) / (/3u,(s)'^/3u,(s))ds + pi+ P 2 t,^t > 0 
Jo 

(29) 

for some real constants e,pi,p ,2 > 0. Therefore, the con¬ 
troller bounds the effect of the ‘energy’ in the disturbance 
signal /3u)(f) on the ‘energy’ of the error signal z{t). We 


(A - B2Ef^ D'^^Cif X + X{A - B2Ef^D'^2Ci) 
+ XiAeOE'^Ee'^ + g~‘^BiBf - B2Ef^B^)X 

+ ^E^E + C^Ci - CjDi2Ef^Dl2Ci = 0, 


(30) 


(A - g-^BiDi^Ef^C2)Y + y(A - g-^BiDi,Ef^C2Y 

+ Y{^E^E + C^Ci - C^Ef^C2)Y 

+ AeOE^Ee^ + g-^BiBf - g-*BiD^^Ef^D2 iB'^ = 0 , 

(31) 

where X and Y are positive-definite symmetric matrices. 
The solutions to these Riccati equations need to satisfy the 
following assumption. 

Assumption 2: 

1) A - B2Ef^Dj2Ci + {AeOE'^Ee^ + g-^BiEf - 
B 2 Ef^B 2 )X is a stability matrix. 

2) A-g-^BiD^^Ef^C2+Y{lE^E + CYCi-C^Ef^C2) 

is a stability matrix. 

3) The matrix XY has a spectral radius strictly less than 
one. 

It will be shown that if the solution to the Riccati equations 
( [30| l, ( [3 T] i satisfies Assumption]^ then a quantum controller 
of the form (25 1 will solve the coherent H°° control problem 
where its system matrices are constructed from the Riccati 
solutions as below: 
































Ak =A + B 2 CK - BkC2 + AeOE'^Ee'^X 

+ g-^B,B^X - g-^BKD2iB^X 
Bk ={I-YX)-\YCl +g-^B,D^,)E^^ 
Ck=- E^\B^X + Df^Ci). 


Now, we present our main result on coherent robust H°° 
controller synthesis. 

Theorem 2: Necessity. Consider the system (24 1 and sup¬ 
pose that AssumptionJT] is satisfied. If there exists a con¬ 
troller of the form ([25|l such that the resulting closed-loop 
system ( 281 is strictly bounded real with unitary disturbance 
attenuation, then the Riccati equations (301 and ( [3T] ) will 
have stabilizing solutions X > 0 and F > 0 satisfying 
Assumption 

Sufficiency. Suppose the Riccati equations and •ED 
have stabilizing solutions X > 0 and Y > 0 satisfying 
Assumption]^ If the controller ( |25] l is such that the matrices 
Aj^, Bj^,Ck are as defined in (|32]l, then the resulting 


closed-loop system ( 281 is strictly bounded real with unitary 
disturbance attenuation. 


D. Physical Realization of Controllers 


As can be seen, an H°° controller defined by the matrices 


Ak, Bk,Ck in (32 1 is not always physically realizable, that 
is, Ak, Bk, Ck may not satisfy the relationships (j^ and (j^. 
In order to guarantee the physical realizability condition, we 
need the following theorem. 

Theorem 3: (See Theorem 5.5 of [4]) 

Assume F„ = D 2 oFyD 2 Q 


D 2 iFu,D 2 i is canonical. Let 


Ak , Bk , Ck be an arbitrary triple (such as given by (32 1 ), 
and the controller commutation matrix is canonical Qk- 
Then there exists controller parameters Bko, Bki, and the 
controller noise vk such that the controller J 2 ^ is physically 
realizable. In particular, 2iQK = 

for all f > 0 whenever 2iQK = (C( 0 )C( 0 )^~(C( 0 )?( 0 )^))^- 
To conclude. Theorem shows that it is always possible 
to find a physically realizable controller given the matrices 

Ak, Bk, Ck- 


VI. ILLUSTRATIVE EXAMPLE 

In this section, we consider an example which illustrates 
the use of Theorem 1 and Theorem 2. We consider an 
extension of one of the examples used in [4] and [9]. This 
model has also been demonstrated by an experiment [20]. As 
shown in Eigure 1, an optical cavity is resonantly coupled 
to three optical channels v,w,u. The control objective is to 
attenuate the effect of the disturbance w on the output z. The 
nominal quantum system is described by the evolution of its 
annihilation operator a (representing a standing wave). In 
this example, we consider a detuned cavity. The uncertainty 
A represents the “detuning” and describes the difference 
between the nominal external field frequency and the cavity 
mode frequency. The dynamics of the system are in the 



z « 

Fig. 1. Optical cavity system 


following form 

da(t) ~ 2 iX)a{t)dt — ,/KidAi{t) — ,/K 2 dA 2 {f) 

- yff^dAsit); 

da*{t) =(~^ + 2iA)a* (t)dt — KidA’^lt) — K 2 dA 2 (f) 

- yffidA^f); 

di? 2 (f) =^/K 2 a{t)dt + dA 2 {t); 
dB 3 {t) =,/Kf,a{f)dt + dAsf). 

(33) 

Here 7 = ki + ii 2 + K 3 . Also, Ai{t), A 2 {t), A 3 {t) rep¬ 
resent the input fields in channels v,w,u respectively and 
B 2 {t), B 3 {t) stand for the output fields in channels w, u re¬ 
spectively. The system ( |3^ can be written in real quadrature 
form ( |23] l with the following system matrices: 

A = - ^ J + 2 JA; Bo = 

Bi = B2 = —y/Tiil 

Cl = y/F3l;Di2 = I 
C2 = sfFfI', D21 = /. 

Here, Xi{f) = q{t) = a{f) -C a*{t) and 0 : 2 (t) = p{t) = 
(a(f) — a*{t))/i. The commutation relation for this plant is 
described by 0 p = J and the quantum noises v, w have 
Hermitian Ito matrices = F^, = I + iJ. 

We choose the total cavity decay rate 7 = 12 and the 
coupling coefficients ki = 6.5, K 2 = 5, K 3 = 0.5. The 
required disturbance attenuation constant g = 0.35 and 
uncertainty range is — 1 < A < 1. By applying Theorem 2 to 
the uncertain quantum system, we get the required solutions 
of Riccati equations ( |30| ), ( |3T| ) that satisfy Assumption 2 with 
X = 0.0038/, Y = 14.0783/. The corresponding controller 
matrices are given by 

Ak = -34.9604/, Bk = 13.5894/, Ck = -0.7058/. 
Since the controller system is required to be physical realiz- 












able, we have the following form 

_ r 0.7058 0 8 -8' 

~ [ 0 0.7058 -8 -6.4062 J ’ 

Bko = 0 ]. 

To make a performance comparison between the method 
in this paper and the method proposed in [4], we apply the 
approach in [4] and get the following results: 


x = y = 02x2, 

Ak = -Q.M,Bk = -2.2361/, Cif = -0.7071/ 
_ r 0.7071 0 -1 1' 

~ 0 0.7071 1 3.5 ’ 


equations to formulate a linear dynamic output feedback 
quantum controller to the given quantum system to make 
the system robustly stable and also satisfy a prescribed 
level of disturbance attenuation. We also provided an optical 
cavity example to demonstrate the method we presented in 
this paper and showed that our method in this paper has 
improved performance over the previous result in [4] without 
considering uncertainty. In the future, we could include 
unknown perturbations in the system coupling operator for 
the uncertain quantum systems and develop a systematic H°° 
control approach to deal with this kind of quantum models. 

References 


Bko = [I 0]. 


0.7 

0.6 

0.5 


0.4 



Q I » I I ■ I I I « 

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0 4 0.6 0 8 1 


A 

Fig. 2. norm of the closed loop systems 

For the same uncertain quantum system as given before, 
we can make a performance comparison between the method 
in [4] where uncertainty is not considered in the controller 
design and the coherent robust i/°° controller presented in 
this paper. Figure 2 shows how the //°° norm of the closed- 
loop system changes as the uncertainty varies. The dotted line 
shows the performance of the closed loop system with the 
coherent controller used in [4], while the solid line describes 
the performance with a coherent robust controller presented 
in this paper. As can be seen from Figure 2, the controller 
in [4] performs better when the uncertainty variation is 
small, while as the uncertainty increases, the controller in 
[4] is worse than the robust controller in this paper. In the 
meanwhile, as uncertainty varies, the i/°° norm with the 
method in this paper does not change much and leads to a 
closed loop system having improved performance. 

VII. CONCLUSION 

In this paper, we have considered a class of uncertain 
linear quantum systems subject to quadratic perturbations 
in the system Hamiltonian. For this class of given quantum 
systems, we have built a relationship between a coherent 
robust H°° control problem and a scaled i/°° control prob¬ 
lem without parameter uncertainty. Then, we used Riccati 
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